A new diamond-like carbon (DLC) coating was deposited on high speed steel based on the cathodic arc technology, using two different kinds of cleaning technologies for processing sample#1 and sample#2 respectively. The morphology of the coating was investigated by FEI Quanta 200 FEG scanning electron microscopy. The adhesion of the diamond film to the inserts was evaluated with RHC indentation method. Then two kinds of coating binding force were figured out according to the indentation edge crack reference. The results showed that the coating surface was smooth, dense and no crack phenomenon with chemical and ultrasonic cleaning, and the bonding force level was HF1. Compared with ethanol cleaning, it had higher surface quality and bonding force with washing machine cleaning.
INTRODUCTION
Coating technology is an important technique to improve the performance of the mold surface. It is important for the part forming process. In addition to the impact of the force and heat, severe friction happens between the mold surface and the billet. Thus the mold material requires better wear resistance, toughness, fatigue fracture properties, high temperature and resistance to thermal fatigue performance. The surface properties of the mold can be improved by coating, thus the mold can work better. Mold surface coating technology has attracted a lot of attention in related fields due its well performance. The appropriate ways to utilizing coating technology and feasible process parameters play important roles in the quality of the coating.
DLC coating technology is widely used in tool and mold industry. The industrial application began in the late 20th century. Compared to the hard coating(eg, TiN, TiAlN, CrN, TiCN, etc.) technology applied to mold, DLC coating is a new technology. It has a wide range of application prospect in industry for its excellent optical, electrical and mechanical properties. Especially, it has an extremely low friction coefficient and high wear resistance. DLC coating has been applied in such aspects as cutting tools and automatic mechanical parts in recent years. But the high internal stress of DLC film is a disadvantage that may result in poor adhesion of the film. The application of DLC film is also limited because it is difficult to obtain thick film. How to obtain good adhesion strength of DLC coating has become a research challenge in the coating filed.
This paper aims to study the effects of different pre-treatment cleaning processes on DLC coating performance, such as test and compare surface morphology, micro hardness, adhesion strength and so on. The study results can be a guidance to the processing design of DLC films.
EXPERIMENT PROCEDURE Specimen Preparation
High speed steel is taken as substrate material with the hardness of 65HRC. The sizes of the specimen is 16mm×16mm×2.5mm. The specimen pretreatment before coating includes surface polishing with the speed of 25～60 rpm and manually oil stone grinding. Two cleaning methods are selected in this paper. Sample#1 was cleaned for 30 minutes in 2CRD 200 integrated cleaning machine. Sample#2 was cleaned with ethanol for 15min, finally drying by compressed air.
Preparation of DLC Thin Films
DLC film was deposited on high speed steel base using the cathodic arc technology. PIFC-04 ARC coating equipment had a total of 4 targets, target1 was AlTi, target2 was Cr, target3 was AlTi and target4 was Ti. During DLC deposition process, only Cr target was unlocked. In DLC deposition, only the linear ion beam was opened, carbon source gas C2H2 was bubbled in; in the deposition process of Cr/DLC film, chromium target was firstly sputtered, thus Cr stress buffer layer was formed and then DLC film was deposited. The specimen was put into the vacuum chamber after colding and drying. In order to improve the adhesion between the film and the substrate, Ar plasma cleaning was conducted for 30min before deposition on the substrate. Specific parameters are in Table1. 
Performance Characterization
FEI Quanta 200 FEG scanning electron microscope(SEM) was applied to study the DLC coating surface morphology; Bonding force was tested using rockwell apparatus and indentation morphology was observed by an optical microscope supporting. Steel was tested by HRC, the test pressure was 150kgf, load time was 6s, and then the condition of the coating edge was observed under the microscope. Finally, coating adhesion rating (HF0-HF6) was decided according to the crack criteria.
RESULTS AND ANALYSIS

Coating Surface Morphology
The coating surface morphology of sample#1 and sample#2 was shown in Fig.1 , which was observed under scanning electron microscopy enlarged 10000 times and 50000times. Fig.1a and Fig.1c were the coating surface morphology cleaned by cleaning machine. Before refinishing, the substrate should be processed with chemical spraying, chemical immersion and ultrasonic cleaning, rinsing, drying and a series of cleaning processes. Fig.1b and Fig.1d were the coating surface morphology cleaned by ethanol. It can be seen from these two pictures that DLC coating surface of sample#1 was very smooth, dense, without holes, cracks and the coating grow continuously. The substrate and coating had no rupture and separation. Also it did not find any "big grainy" droplets. While, the DLC coating surface of sample#2 was in poor quality, the surface was rough, loose, with obvious faults, cracks and holes, etc.. There was delamination between the coating and substrate, which also indirectly showed the poor performance of membrane-based bonding. 
The Film Adhesion
The same pressure was exerted on two samples with the same time, the microscopic morphology after indentation was shown in Fig.2 . It can be observed that sample#1 of DLC coating has almost no shedding and with better adhesion. While, with the same conditions of indentation, the coating of sample#2 had obvious shedding phenomenon. Comparing with the reference figure of indentation edge crack, the level of their bonding force can be assessed as HF1 and HF3 respectively. It indicates that pre-treated cleaning process has greater impact on coating adhesion. With a series of preprocessing of chemical and ultrasonic cleaning, the dirt and dust on the sample are removed thoroughly, thus film and substrate can fit more closely, and excellent film-base binding properties is obtained. 
CONCLUSION
Cleaning is to remove oil, rust, dust, etc. on the workpiece by using chemical or physical methods, and to make sure the better coating and smooth production. It is a necessary step before PVD coating, and the most important process in the production of PVD coating.
(1)DLC film is successfully obtained on high-speed steel substrate by cathodic arc technology. Cleaning machine is applied to make the film SEM morphology smooth, dense, and make sure the substrate and coating have no rupture and separation conditions; (2)Cleaning is more benefit for the coating and substrate, coating can easily deposited on the substrate, the film thickness after coating is also very uniform; (3)Indentation test method is the base of film-based binding and can assess the level of binding force. With adequate and effective cleaning, the film-based binding force of sample#1 reaches HF1, which exhibits very good bonding properties.
